S2. IPs versus DFT relative energy correlation plots for (MgSiO 3 ) 7 isomers
Blue dots: Structures found in our global optimization searches using IP-2.
Red triangles: Structures found in our global optimization searches using MgFFSiOH. 
S3. Free energy corrected Δ 1 (N) and Δ 2 (N) values
Below we show plots of Δ 1 (N) (S3a) and Δ 2 (N) (S3b) values for all P-N and O-N nanoclusters based on their finite temperature free energies at: i) standard laboratory conditions (i.e. 298 K at 101300 Pa) -red dashed lines, and ii) circumstellar conditions (1000 K and 0.0005 Pa) -blue dashed lines. Note that all data is referenced to values at N=2 which are all set to zero for more easy visualization of the differences between data at different conditions of temperature and pressure. 
S4. Cartesian coordinates for all O-N and P-N nanoclusters
Pyroxenes (P-1 -P-10) 5 MgO_1_SiO2_1_GS.xyz Mg 1.74690400 0.01168900 0.00765400 O 0.36786800 -1.26156200 0.00564000 O -2.22756900 -0.01340900 -0.00357400 O 0.35194900 1.26749300 0.00182700 Si -0.70075400 -0.00372700 0.00070700 10 MgO_2_SiO2_2_GS.xyz O -1.50798200 -1.79235200 0.14617500 O -1.50798200 1.79235200 0.14617500 O 1.50798200 -1.79235200 -0.14617500 O 1.50798200 1.79235200 -0.14617500 Si -0.00000000 -1.26374800 0.00000000 Si -0.00000000 1.26374800 0.00000000 Mg -2.17537500 -0.00000000 -0.34748500 Mg 2.17537500 0.00000000 0.34748500 O -0.28785600 -0.00000000 -1.17320600 O 0.28785600 0.00000000 1.17320600 15 MgO_3_SiO2_3_GS.xyz O -0.68098300 1.44824600 1.74402600 O -1.12383200 -1.52457000 0.90844700 Si -0.31803600 -1.57712300 -0.53990200 O 2.81086000 0.32534900 -0.82156300 Si -0.91218700 1.63511400 0.17335800 O -0.00862300 2.67674500 -0.65715000 O 1.84107900 -0.64710400 1.64580200 Mg 1.45224200 1.62965400 -1.21539700 O 1.25756200 -2.07640600 -0.57118600 Mg -0.01726000 -0.29767500 2.04309100 O 0.25931900 0.10769000 -0.45475300 O -1.46837500 -1.74291500 -1.61524900 Mg -2.59278900 -0.70206000 -0.38354800 O -2.33981600 1.15496800 -0.37678800 .05793300 3.64423100 -1.52803800 O 0.77899500 -1.55628400 1.97717900 O -1.17643000 -1.43925200 -2.70566500 O -2.67390100 -2.86183000 -1.25914000 O 3.31460200 1.68933700 -3.18977800 O -0.45918500 -2.03202000 -0.23862000 O 1.44861100 -0.04003600 -2.54623400 O 3.54422400 0.59068500 -0.84340700 O 5.53927200 0.98961800 0.63875500 O 3.67537700 -0.61322700 1.64242300 O -0.07647900 -3.92388600 -2.02567000 Mg -0.11498400 -0.11953300 -3.60327200 O 3.82618100 -1.10983200 -2.80505100 O 1.31029700 -3.75954000 0.89998900 Mg 2.94784500 1.02370300 2.44490300 Mg 1.65382000 -3.86419100 -1.14106900 O 3.51912100 -3.74078800 -1.79472600 O 4.87224000 -1.67702700 -0.42661900 Si -0.00746200 -2.85968600 1.20153400 O 2.27366800 -1.84038200 -0.69576400 Mg 2.58198600 -2.17684400 1.23609800 O -1.38518900 -3.34597800 1.80187700 Olivines (O-1 -O-10) 
